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Co znamen3, Ze rastliny dychaju?
* Ako si rastlinné bunky vyrabaju ATP...




Volna energie —s

Co znamen3, Ze rastliny dychaju?

* Ako sa spaluje glukoza?

(A) postupna oxidace cukru v burikach

nizka aktivacni energie
prekonateina télesnou
/ teplotou
_r

CUKR + O,

(B) pfimé spaleni cukru

CUKR + O, -

aktivovane
prenasecove
molekuly

CO,+ H,0

| vysoka

aktivacni
energie
poskyinuta
teplem

| zohné

viechna
volna
energie je
uvolnéna
jako teplo
a zadna
neni
uloZena

Schematické znazornéni
fizené postupné oxidace cukru v burice
ve srovnani s normalnim spalenim.

V burice enzymy katalyzuji oxidaci cestou
malych krokt, v nichZ se volnd energie
prenasi v pfimérené velkych davkach na
prenasecové molekuly — nejcastéji na ATP
a NADH. V kazdém kroku ovlada enzym
reakci sniZzenim bariéry aktivacni energie,
kterou musi reakce nejprve prekonat.
Celkova volné energie uvolnéna pri reakci
je pro (A) i (B) presné stejna.
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Respiracia je zakladny fyziologicky proces, v ktorom bunka
biologickou oxidaciou|organickych latok (cukry, tuky, bielkoviny)
ziskava energiu pre vsetky procesy rastu a vyvinu.

lde o rozkladné procesy = KATABOLIZMUS.

1) GLYKOLYZA

2) OXIDACNA DEKARBOXYLACIA PYRUVATU

3) KREBSOV CYKLUS
4) DYCHCI RETAZEC




Substraty respiracie

cukry, tuky, bielkoviny
OZ

Produkty respiracie

ATP
NADH + H*
voda




Energetické centrum buniek?







Mitochondrion

Intermembrane space

Inner :
membrane }
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MITOCHONDRIA

* semiautondmna organela:
vlastny proteosynteticky aparat a DNA

e vonkajsia + vhutorna membrana

hladka, dobre vytvara kristy (priehradky), je nepriepustna
priepustna pre (prenasace), systém dychacieho retazca
vacsinu metabolitov

 matrix mitochondrie: ziosky aerébnej dekarboxylacie pyruvatu,
Krebsovho cyklu a oxidacie mastnych kyselin




SUBSTRATY RESPIRACIE

e polysacharidy sa hydrolyzuju na jednoduché monosacharidy: glukdza a fruktoza

e tuky sa hydrolyzuju lipazou ma mastné kyseliny a glycerol
(z MK B-oxidaciou acetlykoenzym A; glycerol sa oxiduje na glycerladehyd-3-fosfat)
* bielkoviny sa hydrolyzuju proteinazami alebo endopeptidazami na aminokyseliny,

ktoré sa nasledne deaminuju na karboxylové kyseliny



Linoleic acid

Stearic acid

A lipid (a triglyceride)



Small

H H
HaN~ COOH
Glycine (Gly, G)
MW: 57.05

Hydrophobic

X

H,N” ~COOH

Valine (Val, V)
MW: 99.14

Aromatic

H,N~ ~COOH

Phenylalanine (Phe, F)

MW: 147.18

Amide
(o]
NH,

H,N~ ~COOH

Asparagine (Asn, N)
MW: 114.11

CHs3

H,N” “COOH

Alanine (Ala, A)
MW: 71.09

H,N~ ~COOH

Leucine (Leu, L)
MW: 113.16

o

H,N” “COOH

Tyrosine (Tyr, Y)
MW: 163.18

HoN” ~COOH

Glutamine (Gin, Q)
MW: 128.14

Nucleophilic
OH

2N /(COOH

Serine (Ser, S)
MW: 87.08, pK4 ~ 16

COOH

Isoleucine (lle, 1)
MW: 113.16

b

H,N~ ~COOH

Tryptophan (Trp, W)
MW: 186.21

HoN

HN

NH*

—_—

H,N” “COOH

Histidine (His, H)

X
H,N~ ~COOH

Threonine (Thr, T)
MW: 101.11, pK4 - 16

7/
S
HzN COOH
Methionine (Met, M)
MW: 131.19
Acidic
(0]
OH
HsN COOH

Aspartic Acid (Asp, D)
MW: 115.09,pK 3= 3.9

NH

H,N” “COOH

Lysine (Lys, K)

MW: 137.14,pK 3= 6.04 MW: 128.17, pK 3= 10.79

SH

X

H,N~ “COOH

Cysteine (Cys, C)
MW: 103.15, pK 5 = 8.35

L

H COOH

Proline (Pro, P)
MW: 97.12

®) OH

H,N~ “COOH

Glutamic Acid (Glu, E)
MW: 129.12,pK 3 = 4.07

NH

H,N” ~COOH

Arginine (Arg, R)
MW: 156.19, pK 3= 12.48



Faza 2:

Faza 1:

Rozklad

makromolekul na
podjednotky.

| S

s

Rozklad podjednotiek na
acetyl CoA spojeny s tvorbou

ATP a NADH

Faza 3:

mitochondriéln{

membrany ——

Konecna oxidacia acetyl CoA na H,0

a CO, a tvorba NADH a ATP vo

velkom mnozstve v mitochondriach
(oxidacna fosforylacia).

plasmaticka
membrana
eukaryontni
buriky

polysachandy

aminokyseliny

jednoduché cukry

mastné kyseliny
a glycerol
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1. GLYKOLYZA

e glycos — sladky; lysis — rozklad
1. premena vychodiskovej latky na triozu (C3)

2. oxidacia C3 spojena s akumulaciou energie

. ide o premenu glukozy (C6) na pyruvat (C3) za sucasnej produkcie ATP
. prebieha v cytoplazme bunky



1. premena vychodiskovej latky na pyruvat (C3)

a CH
l_s..”';"_ Glucose is -
phosphorylated by ATP to O hexokinase O

form a sugar phosphate.

The neg:tgi:e ghaofge of the H + LUd — H + |(apP] + H
phosphate prevents H

passage of the sugar

phosphate through the

plasma membrane, H

trapping gluccse inside
the call. glucose glucose 6-phosphate

N

o
l_i‘r'.:.’_ A readily

reversible
rearrangement of
the chemical
structure
(iIsomerization)
moves the
carbonyl oxygen
from carbon 1to

1'<|:H20H

phosphoglucose zc =0
isomerass |

HO—3(|: M

H—XC —OH
carbon 2, forming S
a katose from an lg H 5| OH
(Sea Panel 2.3, (ring form) sCH.0(®) sCHO® e
pp.70-71) {open-chain formj {open-chain form)

-

glucose 6-phosphate fructose 6-phosphate




I& The new hydroxyl @OH.C

group on carbon 1is 0, (HEs phosphofructokinass ®oHe o CHOE
phosphorylated by ATP, in

preparation for the formation HO + HO + + H
of two three-carbon sugar OH OH
phosphates,. The entry of

sugars into glyoolysis is OH kou k OH
controlled at this step, through vysokou konc. ATP 2
regulation of the enzyme fructose 6-phosphats fructoss 1,6-bisphosphate

phosphofructokinase,
(.

negativna regulacia

-~
ILM‘__ The six- CH, CIH20®

carbon sugaris | » -

cleaved to produce ®OH 2 s (I:— (i' =0

two three-carbon y )

molecules. Only the € o o0 [Hemem; ddolase  HO—C —H H_ P

g:ycemldehyde HO —_— H—C = > y + e &
hosphate can A —C—OH

pr%cood immediately OH | g_é —OH

through alyocolysis. H H—C—OH

(ring form) éH;.O@ éHIC@

(open-chain form)
dihydroxyacetone alycsraldehyds

a fructose 16-bisphosphate phosphats 3-phosphats
-
N actr H,OH N

gihh m aﬁ :t %k j: ; 5 triose phosphate isomerase’ i

isomerized to form | * H—C—OH

Pk Ho® Lio®

dihydroxyacstone glyceraldehyde
phosphate 3-phosphate
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—

Iﬂ The two molecules 0 H glyceraldehyde 3-phosphate 0 G@

of glyceraldehyde 3-phosphate W dehydrogenase B

are oxidized. The energy- ' '

generation phase of glycolysis | + NAD® + @ - = | + + H*

begins, as NADH and a new —_— —_— —

high-energy anhydride linkage & l‘l_" OH t l‘l_" OH

to phosphate are formed (see

Figure 13-5). EHIﬂ@ EHID@

glyceraldehyde 1.3-bisphosphoglycerate
3-phosphate

(. >
-~ "~
I_qul ! The transfer E%r ;ﬂ® phosphoglycerate kinase ﬂ% fﬂ

to ADP of the high- C - C

enargy phosphate | + |ADP - | +

group that was H—C —OH H—C —0OH

generated in step 6 (_l I

forms ATP. Hjc@ EH;I’:J@

1.3-bisphosphoglycerate F-phosphoglycerate

L -
-~ "
Iﬂ The remaining ﬂ% ;D_ ﬂ% ;ﬂ_

phosphate ester linkage in

F-phosphoglycerate, 1? L e P e l:‘ll

which has a relatively low — = —_ —

free energy of hydrolysis, H z‘f OH - H I:l: 0

ig moved from carbon 3

to carbon 2 to form 2- 3':]_110@ CH,OH

phosphoglycerate. 3-phosphoglycerate 2-phosphoglycarate



Iﬂ The remowval of

0 (o O O
watar from 2-phosphoglycerate \'E."'f anolase %C 4
creates a high-energy enol | [
phosphate linkage. H—C — 3 - fa -—D@ + H,0
di,on ;
2-phosphoghycerate phosphosnolpyruvate
[
F
M The transfer to ﬂ% ;G_ E-% fl:'—
ADP of the high-enargy s pyruvate kinass .
phosphate group that was
generated in step 9 forms l‘.!,‘— + Eﬁ + W tl:-ﬂ +
ATP, ::nn_'lplating |
glycolysis. ‘!Hz CH,
phosphoenolpyruvate pyTUVEDE
L
-~
I MET RESULT OF GLYCOLYSIS ﬂ% .-""'ﬂ_
C
CH,OH - |
/Y Y )
[NADH | ATP ATP é”ﬂ
b N\ _
O O
D R I
ATP [ ATP ATP ATP |
ATP I ATP INADH I_

glucoss

Im addition to the pyruvate, the net products are
tweo molecules of ATP and two molecules of NADH.



Generation of 2 NADH and a

super-high-energy compound

Reaction @
Substrate-level phosphorylation

2 ATPs generated

Reactions @) and €)
Generation of a super-high-
energy compound (and water)

Reaction {9
Substrate-level phosphorylation
2 ?OO‘ 2 ATPs generated
C=0




Pentdzovy cyklus

Priama oxidacia glukozy,

v cykle sa vyuzivaju spoloéné medziprodukty s glykolyzou (glyceraldehyd-3-P, fruktdza-6-P a glukéza-6-P),
premena C6 na C5 a naopak,

dodava NADPH + H* a medziprodukty na syntézu NK, aromatickych aa, polyfenolov a ligninu,

prebieha v cytozole a v plastidoch (chloroplasty),

uloha oxidacie glukdzy v tomto cykle je v porovnani s glykolyzou mala.



'No O, required

Anaerobic respiration,

@) ired :
LIRS or fermentation




2. Aerobna dekarboxylacia pyruvatu

* matrix mitochondrie
e premena vychodiskového pyruvatu (C3) na acetyl CoA (C2)
e pyruvat dehydrogenazovy komplex (komplex 3 enzymov)

CoA C02
NAD* 4 (NADH + @

COO™ O

| |

C=0 > C— CoA
| Pyruvate |

CHj; dehydrogenase CHj;

Pyruvate COmplEX Acetyl CoA

& 2NN Tivat11ey Acommriates Tvve



Kvasenie

anaerdbne odburanie sacharidov na jednoduché latky

mliecne a alkoholové kvasenie

prebieha za spolup6sobenia Saccharomyces cerevisiae alebo S. ellipsoideus

vznika kyselina mlie¢na alebo etanol




V nepritomnosti kyslika, fermentacia
regeneruje NAD*

» Kvasenie regeneruje NADH pre glykolyzu.

Energeticka ucCinnost anaerdbnej glykolyzy je nizka,
iba okolo 4 %.

Vacsina energie ostava ulozena v produktoch
(etanol, laktat).

Pyruvate
NADH - Lactate
CO; dehydrogenase
NADY
Pyruvate Lactate

decarboxylase

Acetaldehyde

1L Alcohol
NAD dehydrogenase

Ethanol

Fermentation
reactions




3. Krebsov cyklus
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:D/

NAD*

oxaloacetate| 4C

malate

4C

fumarate | 4C

-~

(BbH,)

FAD &
succinate

4C

+

3C

< acetyl CoA

Gopﬁ succinyl CoA

* dehydrogenazy

<& dekarboxylacné reakcie

substratova fosforylacia

— ™ citrate @

(o)

4C

isocitrate

6C

@<
a-ketoglutarate

~

NAD*

CADH «HD)

5C

NAD* |



pyruvate

eelely
CO0~ CH2
¢ =0 acetyl-CoA CoA Ho C
CH P2 CH :
ook 2 C.JOO
o C::O oxaloacetate citrate €00~ c
- ' H-C—C00"~
i NAD® HO~C —H
HO -C —H éoo'
malate Isocitrate
Hzo NADH, H*, CO,
‘c fumarate a-ketoglutarate CO0"
- NAD®  CcH,
ooc’ H FADH, : _ &
can” succinate ( succinyl-CoA 75
C=0
: NADH, H*, CO,
COO (': 00"



4. Dychaci retazec

Elektrontransportny retazec — na vnutornej mitochondridlnej membrane,

pomocou redukovanych koenzymov (NADH + H* a FADH,) su tu prenesené iony vodika a tu prebieha ich oxidacia na vodu,
uvolnend En sa vyuZiva na tvorbu ATP — oxidacnou fosforylaciou.

Retazec tvoria prenasace elektronov — ide teda o systém oxidacnoredukénych reakcii.

INTERMEMBRANE SPACE

(A)

Matrix

D
i

Intermembrane space-

(/ N
=5 7 R0
G
=
- a
y /Cr\'staeé

=)

Inner
membrane

ADH

MATRIX

External (rotenone-insensitive)
NAD(P)H dehydrogenases can accept
electrons directly from NAD(P)H
produced in the cytosol.

MNAD* NADP*

The ubiquinone (UQ) pool diffuses
freely within the inner membrane and
serves to transfer electrons from the
dehydrogenases to either complex Il
or the alternative oxidase.

dehydrogenase

NAD(P)H dehydrogenases
exist on the matrix side
of the membrane.

An alternative oxidase (AOX)
accepts electrons directly
from ubiquinone.

Cytochrome cis a peripheral
protein that transfers electrons
from complex |l to complex IV.

NADH Fumarate H,O  Complex il Complex IV
NAD* NAD* Cytochrome bcy Cytochrome
Com‘plex ] complex oxidase
Rotenone-insensitive succinate ATP
Complex | dehydrogenase

@oP>+®)

Complex V
ATP synthase




INTERMEMBRANE SPACE
(P-side)

Cytochrome ~ AMT
oM’ /e y c 2H 12e 3-4H'/ATP

Fumarate <H /2e
+2H'/2e

Succinate

NAD +1H /2e

4H'/2e NADH
Complex | Complex Il Complex Il Complex IV Complex V

MATRIX
llya Belevich © (N-Side)



NADH-zavislé dehydrogenazy Poslednym akceptorom e je molekulovy O,
FAD-dehydrogenazy (sukcinat dehydrogenazy) Vznik molekuly vody.

ubichindn
cytochromy

Inner \
'_mltochondrlal
.membrane

Electron
flow —»

-
Q

it l l
Matrix Electron transport chain ATP synthase




Na 1 molekulu NADH + H* sa v retazci vytvoria 3 ATP, z redukovaného FADH,
2 molekuly ATP.

NADH dehydrogenase Cytochrome b-c, Cytechrome

complex complex: axidase complex

.

Copyright © 2001 Banjamin Cummings, an imprinl of Addison Weasley Longman, Inc.



Alternativna (kyanid rezistentna) respiracia

* Na uUrovni ubichindnu sa mo6zu e transportovat 2 cestami:

1. cez cytochromy az na kyslik (poslednym prenasacom je cytochromoxidaza) — ten sa
redukuje na O%.

2. Cez flavoprotein, alternativnou endooxidazou.

Produkuje sa minimum ATP, vacsina energie sa premeni na teplo.



Alternativna respiracia

Vyznam:

 V Celadi Araceae (napr. Amorphophallus titanum) ma termogénnu

funkciu. V priebehu kvitnutia appendix zvysSuje teplotu prekracujucu

okolité prostredie aj o 10°C: zvySeny odpar volatilnych latok lakajuci
opelovace.

» neefektivna oxidacia latok ma vyznam pri zvySenej akumulacii

substratov respiracie (z fotosyntézy) ako je energia potrebna pre rast a

vyvin rastlin.

« Obrana proti reaktivnym formam kyslika (oxiduje ubichinén).



Vytazok ATP v respirdcii na 1 molekulu glukdzy

* Glykolyza 2 ATP
2 NADH + H* (DR) 6 ATP
* Aerobna dekarbox. pyruvatu:

2 NADH + H* (DR) 6 ATP
* Krebsov cyklus 2 ATP
6 NADH + H* (DR) 18 ATP
2 FADH, (DR) 4 ATP

38 ATP



 10-60 % vsetkého uhlika fixovaného v procese fotosyntézy sa oxiduje v respiracii
e 10-30 % mitochondrialnou respiraciou
e 20-60 % fotorespiraciou
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Faktory ovplyviujuce rychlost respiracie (Rp)

* 0,—pri beinej koncentracii O, v atmosfére (21 %) Ry nie je limitovana [O,].

Vyrazna limitacia sa prejavi az pri koncentracii nizSej ako 2 — 3 %. Tato situacia moézZe nastat najma vo vlhkych
az zaplavenych p6dach, kedy korene nemaju dostatok kyslika. Adaptacie ako aerenchym a pneumatoféry
CiastoCne prekonavaju tento problém.

* Teplota — Q,,—teplotny koeficient — zvySenie R, na kazdych 10°C.

Nad 30 °C R, klesa Pri teplotach okolo 50 °C dochadza k denaturacii proteinov.
* CO,—-2vysSena koncentracia CO, (3 — 5 %) negativne ovplyviuje Ry

* Svetlo - R je na svetle inhibovana

* Mineralne ziviny — pri nizSom obsahu Zivin v péde je Ry nizsia

* Voda

* Ry je dalej zavisla od druhu rastliny ako aj druhu a veku rastlinného organu.



-_D"’ Photosynthesis:

L’ \\‘\ ACOZ2+AH20+ energyr = CEH ] 208+502

CoaeHIO chloroplast sugars
eNEYSY Fespiration:

CEH1ZO06+604 = @C0Z2+6H20+ energy

Figure 16 - With the photosynthesiz, the solar energy 1z cumulated
by the chiloroplasts as sugatr molecules. VWith the glycolysis and the
respiration, made by mitochondra, the energy 1s iberated and sup-
plied to the cell for its biochernucal processes.
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